
Middle Creek Watershed Assessment

A Document of the Middle Creek Coordinated Resource Management and Planning
Group

Prepared for:

West Lake and East Lake Resource Conservation Districts
833 Lakeport Blvd

Lakeport, CA 95453
(707) 263-4180

Funded by Proposition 50 through the
CALFED Watershed Program

Administered by the California Department of Water Resources

Prepared by:

County of Lake
Department of Public Works

Water Resources Division
255 North Forbes Street

Lakeport, CA 95453
Tel. 707-263-2341

and

West Lake and East Lake Resource Conservation Districts
889 Lakeport Blvd.

Lakeport, California 95453
Tel. 707-263-4180

February 2010



Acknowledgements

Author
Erica Lundquist, Lake County Water Resources Division

Plates by
Greg Dills, West Lake and East Lake Resource Conservation Districts

Glossary by
Alisa Carlson, Scotts Creek Watershed Council

Project Partners
Lake County Division of Water Resources
Natural Resources Conservation Service

Bureau of Land Management
Upper Lake Habematolel Pomo Indians

Robinson Rancheria Band of Pomo Indians
Big Valley Watershed Council

Middle Creek Coordinated Resource Management and Planning Group
Scotts Creek Watershed Council

Technical Advisors and Reviewers
Frank Aebly, Mendocino National Forest

Paula Britton, Habematolel Pomo of Upper Lake
Voris Brumfield, Lake County Code Enforcement Division
Caroline Chavez, Lake County Public Services Department

Kim Clymire, Lake County Public Services Department
Richard Coel, Lake County Community Development Department

Diane Coulon, California Department of Fish and Game
Greg Dills, West Lake and East Lake Resource Conservation Districts

James Donahey, Mendocino National Forest
Rachel Elkins, University of California Cooperative Extension

Pamela Francis, Lake County Water Resources Division
Gregory Giusti, University of California Cooperative Extension

Steve Hajik, Lake County Agriculture Department
Paul Hofmann, California Department of Fish and Game

Lauren Johnson, Mendocino National Forest
Linda Juntenen, Lake County Fire Safe Council

James Komar, Natural Resources Conservation Service
Chuck March, Lake County Farm Bureau
Lee Morgan, Mendocino National Forest

Ray Ruminski, Lake County Division of Environmental Health
Carolyn Ruttan, Lake County Water Resources Division

Lynette Shimek, California Department of Fish and Game
Fraser Sime, California Department of Water Resources

Bruce Smith, Mendocino National Forest



Tom Smythe, Lake County Water Resources Division
Stephen Stangland, Lake County Department of Public Works

Alex Straessle, Middle Creek CRMP
Richard Sugarek, United States Environmental Protection Agency

Korinn Woodard, Natural Resources Conservation Service
James Wright, California Department of Forestry and Fire Protection

Funder
CALFED Watershed Program Proposition 50 Funds

Administrator
California Department of Water Resources

Program Manager
West Lake and East Lake Resource Conservation Districts

889 Lakeport Blvd.
Lakeport, California 95453

Tel. 707-263-4180
Fax. 707-263-0912

lakecountyrcds.org



TOC - 1

TABLE OF CONTENTS

1.0 BACKGROUND ............................................................................................................................... 1

1.1 HISTORY OF THE MIDDLE CREEK COORDINATED RESOURCE
MANAGEMENT AND PLANNING GROUP (MCCRMP) ............................................... 1

1.2 1999 WATERSHED ANALYSIS......................................................................................... 4
1.3 WATERSHED ASSESSMENT PROCESS.......................................................................... 5
1.4 WATERSHED ASSESSMENT PURPOSE AND OVERVIEW ........................................ 5

2.0 WATERSHED DESCRIPTION..................................................................................................... 5

3.0 WATERSHED HISTORY............................................................................................................... 6

4.0 GEOLOGY ...................................................................................................................................... 10

5.0 SOILS.............................................................................................................................................. 12

6.0 HYDROLOGY ................................................................................................................................ 12

6.1 PHYSICAL DESCRIPTION............................................................................................... 12
6.2 DIVERSIONS AND BARRIERS ....................................................................................... 13
6.3 CLIMATE ............................................................................................................................... 15
6.4 STREAM FLOW ................................................................................................................... 16
6.5 GROUNDWATER ................................................................................................................ 19

7.0 HILL SLOPE AND STREAM CHANNEL GEOMORPHOLOGY AND PROCESSES ......... 22

7.1 EROSION .............................................................................................................................. 22
7.1.1 EROSION HAZARD ANALYSIS................................................................................ 23

7.2 STREAM CHANNELS.......................................................................................................... 24
7.2.1 ACTIVITIES INFLUENCING STREAM CHANNELS ............................................ 26
7.2.2 MIDDLE CREEK WATERSHED STREAM CHANNEL CONDITIONS ............... 27

7.3 FLOODING AND FLOODPLAIN MANAGEMENT ........................................................ 34
7.3.1 MIDDLE CREEK FLOOD DAMAGE REDUCTION AND ECOSYSTEM

RESTORATION PROJECT (MIDDLE CREEK PROJECT)................................... 36

8.0 WATER QUALITY ........................................................................................................................ 39

8.1 STREAM WATER QUALITY.............................................................................................. 39
8.1.1 STUDIES ON MIDDLE CREEK ................................................................................. 40

8.2 GROUNDWATER QUALITY ............................................................................................. 44
8.3 CLEAR LAKE WATER QUALITY...................................................................................... 46

9.0 WATER SUPPLY........................................................................................................................... 49

10.0 TERRESTRIAL WILDLIFE HABITATS ............................................................................... 52

10.1 NATURAL HABITATS ........................................................................................................ 52
10.2 WILDLIFE............................................................................................................................. 57

11.0 AQUATIC WILDLIFE HABITATS AND SPECIES............................................................. 59

11.1 UPPER WATERSHED ......................................................................................................... 59
11.2 LOWER WATERSHED........................................................................................................ 60

11.2.1 CLEAR LAKE HITCH ................................................................................................... 61

12.0 INVASIVE SPECIES .............................................................................................................. 63

12.1 TERRESTRIAL INVASIVE SPECIES .............................................................................. 64
12.1.1 PLANTS .......................................................................................................................... 64
12.1.2 ANIMALS ....................................................................................................................... 65



TOC - 2

12.1.3 DISEASES AND PARASITES .................................................................................... 66
12.2 AQUATIC INVASIVE SPECIES ....................................................................................... 66

12.2.1 PLANTS .......................................................................................................................... 66
12.2.2 ANIMALS ....................................................................................................................... 67

13.0 FIRE AND FUEL LOAD MANAGEMENT............................................................................ 68

13.1 FIRE CYCLES ................................................................................................................ 69
13.2 FIRE AND NATURAL COMMUNITIES ................................................................... 70
13.3 FIRE EFFECTS ON EROSION AND HYDROLOGY .............................................. 70
13.4 URBAN-WILDLAND INTERFACE ........................................................................... 71

14.0 SOCIAL AND ECONOMIC SETTING ................................................................................. 71

15.0 LAND USE ................................................................................................................................ 72

15.1 LAND USE CATEGORIES .......................................................................................... 72
15.2 MENDOCINO NATIONAL FOREST LAND MANAGEMENT .............................. 74
15.2.1 TIMBER AND VEGETATION MANAGEMENT ...................................................... 76
15.2.2 GRAZING MANAGEMENT......................................................................................... 82
15.2.3 OHV RECREATION ..................................................................................................... 82

15.3 ILLEGAL MARIJUANA CULTIVATION .................................................................. 83

16.0 CURRENT WATERSHED MANAGEMENT ........................................................................ 84

16.1 SOIL CONSERVATION .............................................................................................. 84
16.2 WATER QUALITY PROTECTION ............................................................................ 85
16.3 STREAMBED, LAKE AND WETLAND ALTERATIONS........................................ 86
16.4 WATER INFRASTRUCTURE AND SUPPLY .......................................................... 87
16.5 FLOOD MANAGEMENT .............................................................................................. 88
16.6 WILDLIFE AND HABITAT PROTECTION............................................................. 88
16.7 FISHERIES AND AQUATIC HABITAT PROTECTION ....................................... 89
16.8 INTEGRATED REGIONAL WATER MANAGEMENT PLAN ............................... 90
16.9 PREVENTION, ERADICATION AND CONTROL OF INVASIVE SPECIES.... 91
16.10 FIRE HAZARD MANAGEMENT ................................................................................ 92
16.11 PREVENTION OF ILLEGAL DUMPING ................................................................. 93
16.12 LAND USE PLANNING ............................................................................................... 94
16.13 CULTURAL RESOURCE MANAGEMENT................................................................ 94
16.14 WATERSHED EDUCATION....................................................................................... 95

17.0 FINDINGS AND RECOMMENDATIONS .......................................................................... 95

17.1 CURRENT WATERSHED CONDITIONS FOR IDENTIFIED ISSUES ............. 95
17.1.1 PROTECTING WATER QUALITY ............................................................................ 95
17.1.2 ENSURING WATER AVAILABILITY ...................................................................... 96
17.1.3 REDUCING WILDLAND FIRE HAZARDS ............................................................. 97
17.1.4 ENCOURAGING ABUNDANT AND DIVERSE WILDLIFE POPULATIONS... 97
17.1.5 IMPROVING NATIVE FISH HABITAT AND POPULATIONS .......................... 98
17.1.6 RESTORING MIDDLE CREEK BELOW THE CAMPGROUND .......................... 99

17.2 INFORMATION AND DATA GAPS .......................................................................... 99
17.3 RECOMMENDATIONS ............................................................................................. 100

18.0 GLOSSARY ............................................................................................................................. 101

19.0 ACRONYMS & ABBREVIATIONS .................................................................................... 105

20.0 REFERENCES ........................................................................................................................ 106

PLATES



TOC - 4

APPENDICES

Appendix A Information Sources for Watershed Users.

Appendix B Erosion Hazard Analysis Methods.

Appendix C Aerial photos of Middle Creek below the confluence.

Appendix D Bioassessment Results.

Appendix E Agricultural Water Demand Scenarios from the Lake County
Water Demand Forecast.

Appendix F Plant and Animal List for Mendocino National Forest.

Appendix G Clear Lake hitch life cycle and status.

Appendix H Clear Lake Fish.



Tables - 1

TABLES

Table 6-1 Summary of stream gage data. 16

Table 7-1 Groundwater resources in Middle Creek and Clover Valleys. 22

Table 7-2 Major modifications to Middle Creek and their time of occurrence. 28

Table 8-1 Upper Lake groundwater basin chemistry, electrical conductivity, and pH,
measured by DWR from 1945-2000. 45

Table 9-1 Estimated water use in the Middle Creek Watershed for the year 2000. 50

Table 9-2 Sources for water use in the Middle Creek Watershed in 2000. 50

Table 9-3 Current (2000) and projected (2040) water demand for the Middle Creek
Watershed under three different cropping scenarios. 52

Table 10-1 Animal species of concern possibly found in the Middle Creek Watershed. 58

Table 10-2 Species of concern in the Middle Creek Watershed as reported in the 2006
version of the CNDDB. 59

Table 12-1 Invasive terrestrial weeds in Lake County. 65

Table 12-2 Invasive aquatic plants in Lake County, California. 67

Table 15-1 General Plan land use categories and areas in the Middle Creek Watershed.73

Table 15-2 MNF management prescriptions and their areas in the Middle Creek
Management Area. 76

Table15-3 Harvest method acreage by year for the Middle Creek Watershed. 78

Table 15-4 Timber and fuels management projects within Middle Creek Watershed. 79

Table 15-5 Prescribed fire use by year and type. 80



Figures - 1

FIGURES

Figure 1-1 MCCRMP members and 4H kids rest after the 2003 creek clean up. 3

Figure 1-2 MCCRMP members install a wildlife crossing sign. 4

Figure 3-1 Winter flooding in Upper Lake circa 1900. 10

Figure 3-2 Flooding at the corner of First and Main in Upper Lake, 1955. 10

Figure 6-1 Rancheria Bridge and the sill below, April 30, 2004. 14

Figure 6-2 Clover Diversion Weir after modification and winter rains, March 4, 2008. 15

Figure 6-3 Mean monthly temperatures and precipitation for Upper Lake, California. 16

Figure 6-4 Annual average streamflows in Middle Creek at the Rancheria Bridge. 17

Figure 6-5 Cross-section of a stream channel. 18

Figure 6-6 Annual peak flows in Middle Creek, measured at the Rancheria Bridge. 18

Figure 6-7 Monthly average flow rates for Middle Creek at Rancheria Bridge. 19

Figure 6-8 Upper Lake ground water basin mapped in 1977 (ESA 1978). 21

Figure 7-1 Longitudinal profile of a stream. 25

Figure 7-2 Stream pattern. 26

Figure 7-3 Creeks, wetlands, and Rodman Slough area in 1916. 30

Figure 7-4 Volunteers begin the creek survey above Rancheria Bridge
on July 9, 2006. 34

Figure 7-5 Location of USACE Middle Creek Project Levees. 36

Figure 7-6 Map of proposed Middle Creek Project. 38

Figure 8-1 Relationship between sediment and streamflow in Middle Creek. 42

Figure 8-2 Relationship between total phosphorus and streamflow in Middle Creek. 42

Figure 9-1 Well water levels measured in well number 15N-09W-06K1. 51

Figure 10-1 Mixed hardwood, conifer forest on west side of main branch of
Middle Creek. 54

Figure 10-2 Plantation with significant brush growth. 56



Figures - 2

Figure 10-3 Trees re-planted after 1996 Fork Fire. 56

Figure 11-1 Upper portion of east fork of Middle Creek, April 13, 2009. 60

Figure 11-2 Salamander observed in Middle Creek during the 2005 Creek Walk. 61

Figure 14-1 Employment and earnings for the principal industries in
Lake County, 2004. 72

Figure 15-1 Plantation that has recently been under-burned. 81

Figure 15-2 Eroding road surface on MNF lands. 83

Figure 15-3 Fertilizer mixing pond for marijuana growing located on BLM Cow
Mountain land. 84



Plates - 1

PLATES

Plate 1 Middle Creek Watershed Location Map.

Plate 2 Middle Creek Watershed Landmarks.

Plate 3 Middle Creek Watershed Streams and Stream Gages.

Plate 4 Middle Creek Watershed Geology.

Plate 5 Middle Creek Watershed Soil Parent Material.

Plate 6 Middle Creek Watershed Precipitation.

Plate 7 Middle Creek Watershed Roads.

Plate 8 Middle Creek Watershed Surface Erosion Risk Following Land Disturbance.

Plate 9 Middle Creek Watershed Soil Slippage Risk.

Plate 10 Middle Creek Watershed Flood Hazard.

Plate 11 Middle Creek Watershed Fire History.

Plate 12 Middle Creek Watershed Vegetation.

Plate 13 Middle Creek Watershed Invasive Weeds.

Plate 14 Middle Creek Watershed Fire Hazard.

Plate 15 Middle Creek Watershed Population Density.

Plate 16 Middle Creek Watershed General Plan.









4

Figure 1-2 MCCRMP members install a wildlife crossing sign. Photo
courtesy of Debbie Ickes.

1.3 1999 Watershed Analysis
This assessment updates and builds on the Watershed Analysis Report for the
Upper Lake Watershed (1999 Watershed Analysis Report) completed in 1999
as a joint project between the United States Forest Service (USFS) and Lake
County. The area covered by the 1999 Watershed Analysis Report is
equivalent to that defined as the Middle Creek Watershed for this assessment.
The 1999 Watershed Analysis Report is an important background document
for this assessment. It identified and analyzed four key issues: flooding, water
quality in Clear Lake, fish and wildlife, and ecosystem restoration. Similar to
this watershed assessment, no new data was collected, but data available at
that time was used. Throughout the report, an attempt was made to compare
current conditions with reference, or pre-European conditions, and to discuss
how conditions had changed and what activities contributed to the changes.
The appendices to the 1999 Watershed Analysis Report provide valuable
supporting material. One appendix describes ecosystem characteristics and
processes, while another describes upland vegetation and wildfire. Many of
the findings and recommendations of the 1999 Watershed Analysis Report are
still applicable to watershed conditions today.

While the 1999 Watershed Analysis Report was focused on four key issues,
this Middle Creek Watershed Assessment attempts to assemble a
comprehensive set of information on watershed resources and processes. In
many cases, the 1999 Watershed Analysis Report is used as part of the
background information for this document. In other instances, the reader is
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as its name implies, but has been a eutrophic, or algae and plant rich lake,
throughout its history (Sims et al. 1988). This abundant growth in turn feeds
large fish and wildlife populations. Clear Lake drains to the east via Cache
Creek into the Sacramento River.

Elevations in the watershed range from about 1,340 feet where Middle Creek
and Clover Creek join, to 3,500 to 4,840 feet along the northern side of the
watershed. High Glade Lookout is the highest point in the watershed. The
east and west forks of Middle Creek start at the highest elevations in the
watershed in the north eastern portion of the watershed. After their junction,
at about 1,480 feet elevation, Middle Creek flows southeast past the town of
Upper Lake and into Rodman Slough and Clear Lake. Alley and Clover
Creeks drain the southeastern portion of the watershed and enter Middle
Creek near the town of Upper Lake. Upper Lake is located near the lowest
point in the watershed, in the center of the southern boundary of the watershed
(Plates 2, 3).

North of the town of Upper Lake, Middle Creek and Clover Creek Valleys
join to form a single, wider valley. South of the watershed is the
“Reclamation Area”, an area of reclaimed wetlands that is now used for
agricultural purposes. Prior to levee building and draining, this was a large
area of wetlands that were connected to Clear Lake. The area is now drained
through Rodman Slough.

California Highway 20 crosses the watershed at the town of Upper Lake.
Upper Lake (population approximately 1,000), in the center of the southern
side of the watershed, is the only town in the watershed. The USFS is the
largest landowner in the watershed. Mendocino National Forest (MNF)
occupies 28,701 acres, 57% of the Middle Creek Watershed. In addition,
there are 400 acres owned by the United States Department of the Interior,
Bureau of Land Management (BLM) in the watershed.

3.0 Watershed History

At the time of European contact, Native Americans had been living in the
vicinity of Clear Lake for at least 10,000 years, and they lived in balance with
their environment. Most native people in the Middle Creek Watershed spoke
the Eastern Pomo language, however, it was a transitional area with Northern
Pomo speakers, who lived to the west of Clear Lake. Northern and Eastern
Pomo people intermarried and traded with one another (McLendon and
Oswalt 1978). At the time of European contact, native people were grouped
in “tribelets”, organized at the village level. Local villages included Sikom,
located near the present location of Lucerne, Danoxa, in Clover Valley,
Xowalek, in Upper Lake Valley, and Kayaw, in Tule Lake/Bachelor Valley.
In 1878, members of these tribes joined together to purchase land near Upper
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Lake at Xabamatolel. Later some of these people moved to the government
purchased Robertson (sic) Rancheria (McLendon and Lowy 1978). The
Upper Lake Habamatolel and Robinson Rancheria Tribes remain in the area
today and are active participants in watershed conservation.

Prior to the arrival of European settlers, native people lived on the abundant
natural resources available in the area. Harvested plants included acorns,
buckeye nuts, grass seeds, roots and bulbs, berries, and edible greens. Game
animals included deer, elk, rabbits, and squirrels (Bean and Theodoratus
1978). Fish were caught from Clear Lake and its tributaries. Near Clear
Lake, fishing activities were concentrated on the spring spawning season
when vast numbers of Clear Lake hitch, Sacramento pikeminnow and Clear
Lake splittail filled the creeks surrounding the lake. These fish were dried and
stored to be eaten for the rest of the year (McLendon and Lowy 1978).
Northern Pomo speakers frequently built their houses of timber, while Eastern
Pomo, in the vicinity of Clear Lake, used tules to build houses and boats, and
for clothing including skirts, mantles, moccasins, and leggings.

While native people made extensive use of natural resources without
apparently over-using resources, one way they may have actively modified
their environment was through the use of fire. A compilation of references on
the use of fire by Native Americans lists references for Pomo tribes in general
and for Northern Pomo (Williams, G.W. 2003). The compilation gave a
variety of reasons for which Native Americans used fire. These include
clearing ground for acorn harvest, travel, hunting, and increasing food
availability for prey animals. In addition, accidental fire starts would have
occurred. A discussion of Native American use of fire is found in Appendix
1, Section A1.3 of the 1999 Watershed Analysis Report.

The arrival of Europeans was devastating for native peoples who were
decimated by new diseases, forcibly relocated and forced to work for
Europeans, and who were severely punished or killed for lack of cooperation.
Near the Middle Creek Watershed, south of the town of Upper Lake, Bloody
Island is the location where a terrible massacre of local Indians was carried
out by the United States Army in 1850.

With the arrival of European Americans, extensive changes in watershed
conditions occurred. Historic land use activities and watershed changes are
thoroughly documented in section 7.4 of the 1999 Watershed Analysis Report,
and are summarized below.

Livestock including cattle, horses, sheep, goats, and pigs, foraged throughout
the watershed. Sheep were most numerous from the 1860s to 1920s. Sheep
grazing began in lower valleys in the spring and moved uphill to higher
forests and meadows during the summer. In the fall, the herds were driven
back to the valleys, and fires were often set at this time to improve forage for
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the following year. These activities significantly damaged riparian areas, and
“combined with the extensive logging going on at the same time, this
threatened to eventually deforest the entire watershed” (USFS 1999). Erosion
and sedimentation probably increased over pre-European levels, however,
forest fires were probably less intense due to lower fuel levels. Grazing came
under a permit system when MNF (then the Stony Creek Reserve) was first
established. Sheep and goat grazing peaked in 1912 at 61,000 head and cattle
grazing peaked in 1922 at 11,600 head. Only cattle’s grazing continues on
MNF land today.

Numerous sawmills opened in upper portions of the watershed beginning in
the late 1860s, and logging continued until most accessible timber had been
cut in the 1930s. In the late 1940s increasing lumber prices made it
economically feasible to build roads to mountainous areas, and by the 1970s
road building had opened up almost all timbered areas of the watershed.
“Selective removal of commercial conifer trees gradually converted many
conifer plant communities to mixed conifer-hardwood types” (USFS 1999).

Beginning in the 1910s, fire prevention and suppression became the policy of
the USFS and State of California. Over time, this led to more dense brush
lands (chaparral) and forests, and more understory vegetation in timber stands.
Dense conifer reproduction has increased tree density while reducing average
tree age and diameter relative to former conditions. Programs to reduce fuel
loading in chaparral areas resumed in the 1950s and have continued until the
present time (USFS 1999).

At a meeting of the MCCRMP in March 2008, longtime residents of the
Middle Creek Watershed described changes they had observed in life style
and natural resources2. These descriptions both confirmed and added to the
land use description in the 1999 Watershed Analysis Report. Local residents
described how cattle and sheep herders coming down from the mountains in
the fall used to set fire to improve forage, and used to leave poison behind to
kill coyotes. They observed much higher deer populations in the 1950s in the
Middle Creek Valley and surrounding hills than are present today. Other
changes in wildlife populations included the arrival of turkeys in the area
about 20 years ago, and the fact that buzzards remain in the area year round,
rather than migrating south in the winter. In the 1960s, Clear Lake hitch were
so plentiful on Middle Creek that local children would catch them by clubbing
them, a common pastime called “hitching”. Longtime residents could also
remember local Native Americans drying rows of hitch on fences and other
structures.

Longtime watershed residents described how logging trucks were once
common on Elk Mountain Road, and how the last sawmill in the area closed

2 The longtime residents who spoke were Anita Crabtree, Ed Dutcher, Matt Hutton, Ed Seely,
and Alex Suchan.
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in 1952. They described how local farms in the early 1940s were mixed farms
with a few dairy cows, hogs, chickens, and walnut trees, and most farmers still
used horse teams for their farm operations. Many farmers brought milk to a
cheese factory in Upper Lake. The diversified farms changed after World
War II when tractors became more common, and in the 1950s commercial
scale orchards of pears and walnuts were planted. A 1949 survey of crops
confirms this picture with about 1,400 acres of alfalfa and pasture, 290 acres
of beans, 180 acres of pears, 40 acres of corn and other grains, 30 acres of
walnuts, and 15 acres of truck crops present in the Upper Lake area (SCS
1951). A cannery where beans and other vegetables were canned operated in
Upper Lake from about 1900 to as late as 1967 (Lake County Coordinating
Council 1967).

Countywide, the areas of walnuts and pears peaked in about 1980 at about
10,000 acres of walnuts and 8,000 acres of pears. By 2005, there were 2,800
acres of walnuts and 2,500 acres of pears countywide (LCDA various). As of
2001, there were 1,027 acres of orchards (fruits and nuts) in the Middle Creek
Watershed3; however, there has been a continuing decline in pear acreage
since that time. Beginning in the 1980s, winegrape acreage has increased
from 3,000 to 8,500 acres today in Lake County (LCDA various); however
very little of this, 187 acres3, is located in the Middle Creek Watershed.

In the March 2008 meeting, longtime residents described changes in water
resources. They remembered that Clover Creek once ran year round, and trout
were present. Middle Creek also flowed year round, although it went
underground in some places. Following the Fork Fire in 1996, Middle Creek
ran longer than it had in previous years. Matt Hutton, a well driller along with
his father, Jack Hutton, noted that static well levels have declined as much as
50 feet in some areas. Flooding was severe in Upper Lake in 1938, 1955, and
1957-58 prior to the Middle Creek Flood Control Project that improved levees
in many areas to prevent flooding (Figures 3-1, 3-2).

3 Based on DWR 2001 land use data.
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Figure 3-1 Winter flooding in Upper Lake circa 1900.

Figure 3-2. Flooding at the corner of First and Main in
Upper Lake, 1955.

4.0 Geology

The California Coast Ranges were created when ocean and continental plates
collided and “sediments, submarine volcanoes, and oceanic crust were scraped
from the down-going plate and attached to the North American plate”
(Moores and Moores 2001). This process of subduction created the
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Franciscan Complex, the mixture of rocks comprising much of the California
Coast Ranges. Along the eastern side of the Coast Range, the ocean
sediments were tilted upward, but not jumbled to the extent of the Franciscan
Complex, and this geologic formation is called the Great Valley Sequence.
Movement of tectonic plates on the California coast later produced a series of
faults paralleling the San Andreas Fault. These faults create the
north/northwest-south/southeast valleys and ranges seen in the Coast Ranges
(Christensen Associates Inc. 2006).

Much of the Middle Creek Watershed is underlain by the Franciscan
Complex, or Franciscan Mélange, described in Roadside Geology as “one of
the world’s great messes. It is a wild assortment of sedimentary rocks,
deposited in seawater at many depths and in widely separated parts of the
ocean, along with generous slices of the basalt ocean floor” (Alt and
Hyndman 2000). The most common type of rock in the Franciscan Complex
and in the Middle Creek Watershed is sandstone, or greywacke, a sedimentary
rock (Plate 4). Mudstone is a variation of this sedimentary rock made from
finer clay and silt-sized particles. Other rocks were formed by alterations of
the ocean crust. Greenstone, found in a small area of the southern portion of
the Middle Creek Watershed, is metamorphosed volcanic rock (basalt) from
ocean plates. Blue schist is a hard rock, ranging in color from blue to black to
grey. It is formed by metamorphism of oceanic basalt and rocks of similar
composition under conditions of high pressure and low temperature (Alt and
Hyndman 2000, Wikipedia 2009).

Middle Mountain, separating Middle Creek from Bachelor Valley, is an
outlier of sedimentary rocks from the Great Valley Sequence (ESA 1978). In
Plate 4, it is the portion of sandstone of more recent origin.

Alluvium, unconsolidated material deposited by the action of streams and
rivers, fills the low-lying valleys of the Middle Creek Watershed. As could be
expected, older material is overlain by more recently deposited material.

The Clear Lake basin was created by the interaction of faults in the San
Andreas system. The area underlying the main portion of the Clear Lake
basin began to subside about 600,000 years ago in association with the
eruption of a portion of the Clear Lake volcanic field (Hearn, B.C. and R.J.
McLaughlin 1988). The lake has remained shallow with the rate of downward
vertical movement of the basin roughly equal to the rate of sedimentation
(Richerson et al. 1994).

Clear Lake is on a topographic divide between the Russian River system and
the Sacramento Valley system, and its outlet has alternated between the two
systems. When the lake first formed, it flowed east to the Sacramento Valley
as it does today. About 200,000 years ago, activity of the Clear Lake
Volcanics, blocked off the outlet, and the lake rose until it found a new outlet,
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draining west through Blue Lakes into Cold Creek and the Russian River.
Sometime within the last 10,000 years, a landslide at the west end of Blue
Lakes blocked off the outlet, and the lake again rose until it created today’s
outlet to the Sacramento River (Enderlin 2007).

5.0 Soils

Soils are formed by weathering of rock at or near the earth’s surface. Major
factors influencing soil formation in the Middle Creek Watershed include the
type of rock or unconsolidated material on which they formed, and the
topography of the area where they formed. As a general rule, soils are
shallower as slopes become steeper due to naturally higher rates of erosion.
They are deepest in valley locations where eroded materials accumulate.

The majority of the Middle Creek Watershed is moderately to very steep
terrain where soils formed on sedimentary rocks (92% of watershed area) or a
combination of sedimentary and metamorphic rocks (1% of watershed area)
(Plate 5). The Soil Survey (SCS 1989) describes most of these soils as
gravelly and very gravelly loams overlying fractured sandstone. Depending
on the soil type, the depth to bedrock (fractured sandstone) can range from 1-6
feet. Many of these soils are described as having rapid surface run-off and
severe erosion hazard (SCS 1989).

Alluvial soils, formed on sediments and gravels transported by streams and
rivers, are found in level valleys and cover 7% of the watershed. Of the
approximately 3,500 acres of alluvial soils in the Middle Creek Watershed,
two-thirds of them are covered by Lupoyoma and Still loams, both Class I
agricultural soils. Class I soils are deep, with sufficient water holding
capacity and drainage to grow most crops.

6.0 Hydrology

6.1 Physical Description
The west fork of Middle Creek drains the northwest portion of the watershed.
It starts at an elevation of 3,040 feet and flows southeast for 6.5 miles to the
confluence with the east fork (Plate 3). The east fork of Middle Creek drains
the central northern portion of the watershed, flowing northwest for 9.5 miles
with an elevation drop from 4,200 feet to 1,480 feet. From the confluence at
the Middle Creek Campground, Middle Creek flows southeast 6.7 miles to the
Clover Creek diversion channel, and an additional mile to the watershed
boundary at mouth of Clover Creek at approximately 1,340’ (USFS 1999).

Clover Creek drains the southern portion of the Middle Creek Watershed.
Starting at 3,680’ elevation it flows 8.5 miles northwest to its confluence with
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Middle Creek at 1,340’ in elevation. Two tributaries to Clover Creek, Gilbert
and Alley Creeks, start at similar elevations to Clover Creek. Gilbert Creek
flows 5.5 miles along the southern edge of the watershed to join Clover Creek,
and Alley Creek flows 6.5 miles to its confluence with Clover Creek, draining
land to the north of Clover Creek USFS 1999).

6.2 Diversions and Barriers
Surface water diversion (removing water from a water body) is regulated by
California water rights laws. Both riparian and appropriative water rights4 are
supposed to be registered with the State Water Resources Control Board
Division of Water Rights; however, only appropriative water rights require
reporting of the amount of water taken. Therefore, it is not possible to
estimate the total amount of water diversion in the Middle Creek Watershed
based on Division of Water Rights records.

Several man-made barriers to fish passage in lower sections of Middle and
Clover Creeks have been documented (Plate 3); however, a complete and
systematic survey has not been carried out. The focus on fish passage has
been for the Clear Lake hitch (Lavinia exilicauda chi). Because hitch are not
strong swimmers, barriers that create waterfalls of one foot or more can
partially or completely block their passage (Macedo 1994).

The Rancheria Bridge, located about ½ mile upstream from the Clover Creek
Diversion, has a sill that was installed in 1960-61 by the California
Department of Water Resources (DWR) to provide a control section for the
stream gage mounted on the bridge. Downcutting of approximately 4 feet
occurred below the sill, creating a barrier to hitch and rainbow trout passage
(Figure 6-1).

In 2005, a series of four rock weirs were built by the Lake County Public
Works Department (LCPWD) across Middle Creek below Rancheria Bridge
for the purpose of improving fish passage and to stabilize streambanks.
Repairs to the weirs were made following damage caused by high flows of the
2005 News Years Eve flood. The weirs are designed to create steps of no
more than one foot in height once they have filled in with gravel. The weirs
are designed with a lower level in the center to direct flows away from
streambanks to the center of the weirs (LCWPD 2002). Although there is
some concern that the weirs create a channeled and swift flow that prevents

4 The SWRCB Division of Water Rights keeps records of all legally recorded riparian rights and
water appropriations in the state. Riparian rights apply to lands immediately adjacent to a
water course and entitle the landowner to use a small amount of water for domestic or
agricultural use. Riparian rights do not permit storage for use during the dry season or to use
on land away from the water course or in another watershed. Appropriative water rights apply
to water use on non-riparian land, or to use of more water than allowed under riparian rights.
The Division of Water Rights requires registration of, but not a permit for, riparian rights, and
reporting the amount of riparian water use is not required on the registration. To receive
appropriative water rights, the water user is required to apply for a permit and to report the
amount of the water appropriation.


